We analyzed growth of the sigmodontine rodent Oryzomys albigularis under laboratory conditions, fitting data to growth models, to test the null hypothesis that no differences exist between sexes. We propose a biologic criterion for growth-model selection, under the assumption that the curve should show critical stages of the organism's postnatal development and growth. Following this approach, growth of O. albigularis best fits a logistic curve. Our results show that, although males and females grow at the same rate, the final size is significantly different, being slightly dimorphic. These results, together with behavioral observations of the animals in the laboratory, support the hypothesis of a monogamic mating system for this species.
The life history of an organism includes coadaptations related to survival, growth, and reproduction (Gadgil and Bossert 1970; Roff 1992; Stearns 1976 Stearns , 1992 . These fundamental processes compete for limited resources of time and energy (Gadgil and Bossert 1970) , in such a way that, for a given set of conditions, fitness is maximized through a trade-off among processes (Stearns 1976 (Stearns , 1992 . Constraints on the evolution of life histories include phylogeny and development, as well as ecological factors such as food availability, temperature, refugia, predators, and competitors (Roberts et al. 1988; Stearns 1976) .
Growth pattern is an important life-history trait (Stearns 1992) . Many natural growth phenomena follow sigmoidal curves such as Von Bertanlanffy's, Gompertz's, and logistic models (Zullinger et al. 1984) . A sigmoidal function appropriately models * Correspondent: rmoscare@oikos.ivic.ve growth patterns in organisms that show determinate growth (Causton and Venus 1981) . The analysis of growth curves is of analytic and heuristic value (Kaufmann 1981) because they estimate important attributes such as growth rate, maximum size (upper asymptote), and age at maximum growth (point of inflection). These parameters allow comparisons of growth patterns among populations and species. Frequently, males and females show different growth patterns and rates; these differences may be a consequence of differential parental investment, mating system, or age of reproductive maturation (Bronson 1989 ).
This work is part of a study on life-history traits in a laboratory colony of the sigmodontine rodent Oryzomys albigularis. This species poses several systematic problems, which have been the subject of recent research (Aguilera et al. 1995; Márquez et al. 2000) . Our previous results (Moscarella 1997; Moscarella and Aguilera 1999) support the hypothesis that this species is monogamous, because we observed biparental care. This behavior and lack of sexual dimorphism usually are associated with monogamy (Boonstra et al. 1993; Lima et al. 1997; Ostfeld and Heske 1993; Ribble 1991; Ribble and Salvioni 1991; Taber and MacDonald 1992) . Assuming that differences in male and female growth patterns are the same in the laboratory and the wild, we test the null hypothesis that, if O. albigularis is monogamous, no differences will occur between the growth parameters of males and females.
The criterion for choosing a specific growth model is usually statistical: the best fit as measured by the smallest error sum of squares. In our case, the differences among the models will be seen to be negligible in terms of this statistical standard. Thus, as a secondary objective, we discuss some biologic criteria that give insights into choice of a growth model. We compare consistency of several growth equations to predict sizes at 3 important developmental and growth stages: birth, weaning, and reproductive maturity.
MATERIALS AND METHODS
Oryzomys albigularis (Muridae: Sigmodontinae-Musser and Carleton 1993) is found in Venezuela north of the Orinoco River, along the Andean and Coastal cordilleras, in forest areas 1,000 m above mean sea level (Aguilera et al. 1995; Eisenberg 1989) . To study reproduction and growth of this species in captivity, we started a laboratory colony with 8 males and 10 females captured in 2 sites: within the cloud forests of the Natural Monument ''Pico Codazzi,'' Miranda, Aragua, and Capital District, northern Venezuela (for details see Moscarella and Aguilera 1999) , and 1.6 km from the 1st site, near the border of the Natural Monument. In the laboratory, animals were maintained individually in small-rodent cages, fed with animal food and water ad libitum, and supplemented with seeds, fruits, and vegetables. The colony was kept either under natural or fluorescent light during daytime and under total darkness at night. The colony was kept for 13 months from November 1995 to December 1996. During that time, we registered 23 births, 20 from laboratory pregnancies and 3 from females already pregnant in the field.
Animals born in the laboratory (n ϭ 78) were systematically weighed and measured from birth to maturity. We measured rear-foot length and head-body length (HBL) with a ruler to 0.5 mm, left-ear length with a Mitutoyo caliper to 0.02 mm, and weight to 0.1 g. From birth until weaning, measurements were made every 2 days. After weaning, measurements were made about every 5 days until animals were 150 days old. We chose HBL to assess growth rates because other traits such as ear and paw length stop growing early, not reflecting properly the growth of the species. Another obvious choice, body mass, shows important environmental and nutritional variation, making it unsuitable for our comparisons. Longitudinal data included all males (n ϭ 22) and females (n ϭ 23) from birth until 150 days of age; 23 animals were not included because they died before 50 days of age.
Growth equations were taken from Marubini et al. (1971) , Zullinger et al. (1984) , and Causton and Venus (1981) . Von Bertanlanffy's equation was not included for reasons given in Day and Taylor (1997) . We fitted our data to the Gompertz and logistic equations. The logistic equation is perhaps the best-known sigmoidal function (Causton and Venus 1981) and is symmetrical at the inflection point (Kaufmann 1981 ). This equation is:
, where S is the growth parameter (the dependent variable, in our case HBL), t is time (age), S ϱ is maximum size (upper asymptote), r is the growth rate constant, and I is age at the inflection point (Zullinger et al. 1984) . The Gompertz curve, unlike the logistic, is asymmetrical at the inflection point (Kaufmann 1981) . The curve equation is: S(t) ϭ S ϱ exp{Ϫexp[Ϫr(t Ϫ I)]}, with the symbols as before.
Data were fitted separately for each sex by a nonlinear procedure that also generated the corresponding standard errors of the estimates. With estimates of S ϱ and r, we calculated maximum growth rate as r max ϭ r(S ϱ /e), and r max ϭ r(S ϱ /2) for the Gompertz and logistic equations, respectively (Zullinger et al. 1984) ; the expression in parentheses is the body length estimate at the inflection point. Statistical criteria for comparing models included the error sum of squares (SS), coefficient of determination (R 2 ), and the percentage of explained variance. Biologic criteria included comparisons between observed and predicted values at specific growth stages and parameter interpretation in terms of known life-history traits of O. albigularis (Moscarella 1997; Moscarella and Aguilera 1999) .
To test the null hypothesis of no differences between the growth pattern of males and females, we calculate and visually compare approximate 95% CI for estimated parameters (Sokal and Rohlf 1995), because we are not aware of direct methods to compare the form of nonlinear growth curves. If CIs overlapped, we considered that no significant differences between parameters were detected at the 5% level, and vice versa. clear statistical criteria exist to choose a particular growth function. The Gompertz and logistic models gave S ϱ estimates that did not differ significantly, although r was slightly larger for the logistic model. However, I for the logistic model was 2.7-3.7 times the value for the Gompertz equation. That rather large difference may be due to symmetry of the logistic curve around I compared with the Gompertz equation. Both equations indicated that sexes did not differ in growth rates (r), whereas the asymptotic size (S ϱ ) and age at maximum growth (I) are consistently larger for males.
RESULTS

Model
Comparison between predicted and observed values.-The predicted HBL values from the growth equations at birth, weaning, and reproductive maturity were compared with experimental values (Table 2) reported by Moscarella (1997) and Moscarella and Aguilera (1999) . The following observations were pertinent. For females, the Gompertz estimate at birth was closer than the logistic. HBL at weaning was underestimated by both models. HBL at reproductive maturity was overestimated by both models; however, that trait showed large variation (26-93 days). For males, HBL at birth and reproductive maturity were well estimated by both models. As for females, HBL of males at weaning was overestimated by both models. For the Gompertz model, the r max was 2.7 and 2.8 mm/day for females and males, respectively. The logistic model predicted a r max of 4.8 and of 5.2 mm/day for females and males, respectively.
DISCUSSION
Criteria for choosing models of growth data in mammals.-In the literature, we did not find any clues on biologic criteria for choosing a model. This is critical for our study, because both the Gompertz and logistic models fit data equally well. Yet, the models make different predictions about the general growth pattern and critical developmental stages that we can contrast with the experimental data; we suggest that the model that more closely predicts the previously identified critical stages of growth is a better one.
We reported elsewhere (Moscarella 1997; Moscarella and Aguilera 1999 ) that events of clear importance in postnatal growth and development, such as incisor eruption, ear opening, and appearance of juvenile pelage, all associated with thermosensorial independence, occur in O. albigularis at 6-14 days of age. Therefore, we chose the logistic model because it estimated an I of about 9-10 days (Table 1) . Thus, we related an accelerating growth rate with establishment of thermosensorial independence. In contrast, the Gompertz function predicted a maximum growth rate at about I ϭ 2-4 days, where no critical growth stages seem to occur. Zullinger et al. (1984) made an extensive analysis of mammalian growth curves. They evaluated the von Bertanlanffy, logistic, and Gompertz equations according to their SS and the predicted mass at birth, weaning, and adulthood. They concluded that the Gompertz equation was the most consistent when comparing among taxa, that it showed smaller SS, and that it did not show systematic bias when estimating mass at weaning and at adulthood. Furthermore, they pointed out that it is not possible to associate taxonomic criteria with different growth patterns. However, the authors did not indicate specific life-history traits that might help in selecting a growth model. Case (1978) indicated that species vary in the life-history traits that are associated with differences in their growth rates and patterns. Zullinger et al. (1984) also observed that the inflection point had a different position in the curves: in von Bertanlanffy's equation, the inflection point was at the 30% of the adult mass, in Gompertz's equation it was at 37%, and in the logistic equation it was at 50%. These authors found that the maximum growth rates (r max ) estimated by the logistic model were the largest, followed by those by Gompertz equation, the smallest being estimated by von Bertanlanffy's model. We consider that an interpretation of the inflection point and r max in terms of postnatal developmental strategies will provide meaningful criteria to select a growth model; a growth curve should reflect important events of postnatal development and growth.
Some life-history traits in mammals are related allometrically to adult size (Eisenberg 1981; Vaughan 1988) . Frequently, large mammals give birth to 1-2 big, welldeveloped, precocious pups with slow postnatal growth rate. Conversely, small mammals tend to have large litters, with altricial pups that have fast postnatal growth rates, and that are weaned at sizes equal to or larger than subadults, with a rather extended maternal care (cf. Derrickson 1992 (Moscarella 1997; Moscarella and Aguilera 1999) and Bolomys temchucky (Piantanida and Nani 1993) , growth is well represented by the logistic equation. D 'Andrea et al. (1996) fitted the growth data of Nectomys squamipes to a Gompertz curve but unfortunately did not discuss the criteria they used to choose the model. Similarly, Yoshinaga et al. (1997) fitted the growth of Microtus montebelli to a Gompertz equation, following Zullinger et al. (1984) , without specifying criteria for doing so.
Differences in the growth pattern of males and females.-Our results indicate significant differences in the inflexion point of the growth curves for males and females. However, as reported elsewhere (Moscarella 1997; Moscarella and Aguilera 1999), no differences are found between males and females before weaning. Thus, differences in the inflection point cannot be related to observed characteristics of postnatal ontogeny.
Our results also indicate that males and females show the same growth rate (r); yet the maximum size (S ϱ ) is significantly larger for the males. The effect of reproduction on an organism's growth may be important because survival and fecundity can be sizedependent and investment in reproduction, which is very costly (Eisenberg 1981; Millar 1977; Vaughan 1988) , can reduce growth and future reproductive success (Roff 1992; Stearns 1992) . Changes in pregnant females involve an investment in uterine, placental, and mammary tissues, as well as an increase in the maintenance costs associated with these new tissues (Gittleman and Thompson 1988; Pontier et al. 1989; Vaughan 1988) . Thus, reproductive costs of females are likely to be larger than those of males even in species with biparental care. In this way, differences in size between male and female O. albigularis could be ascribed to the ecophysiologic differences between sexes that result in an unequal investment of the available energy for growth and reproduction (cf. May and Rubestein 1984) . This prediction is born out by difference between sexes in HBL (Table  2) , which is evident after reproductive maturity (Moscarella 1997; Moscarella and Aguilera 1999) .
Sexual dimorphism varies among species, and the amount of dimorphism is related to the mating system (Ostfeld and Heske 1993) . In general, polygynous species are more dimorphic than promiscuous species, which in turn are more dimorphic than monogamous species (Boonstra et al. 1993; Ostfeld and Heske 1993; Yoshinaga et al. 1997) . Dimorphism in O. albigularis is not marked, although this is a rather subjective observation. Our laboratory results and data reported in this paper strongly suggest that O. albigularis is a monogamous species. This hypothesis should be tested with field data.
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